ABSTRACT

Objectives. Although rubella sero-
susceptibility among women of repro-
ductive age in West Africa ranges from
10% to 30%, congenital rubella syn-
drome has not been reported. In Ghana,
rubella immunization and serologic test-
ing are unavailable. Our objectives were
to identify congenital rubella syndrome
cases, ascertain rubella antibody sero-
prevalence during pregnancy, and rec-
ommend strategies for congenital rubella
syndrome surveillance.

Methods. Congenital rubella syn-
drome cases were identified through
prospective surveillance and retrospec-
tive surveys of hospital records. A ru-
bella serosurvey of pregnant urban and
rural women was performed.

Results. Eighteen infants born
within a 5-month period met the con-
genital rubella syndrome case defini-
tions, coinciding with a 9-fold increase
in presentation of infantile congenital
cataract. The congenital rubella syn-
drome rate for this otherwise unrecorded
rubella epidemic was conservatively es-
timated to be 0.8 per 1000 live births. A
postepidemic rubella immunity rate of
92.6% was documented among 405 preg-
nant women; susceptibility was signifi-
cantly associated with younger age (P=
.000) and ethnicity (northern tribes,
P=.024).

Conclusions. Congenital rubella
syndrome occurs in Ghana but is not re-
ported. Information about congenital ru-
bella syndrome and rubella in sub-
Saharan Africa is needed to evaluate
inclusion of rubella vaccine in proposed
measles control campaigns. (4m J Pub-
lic Health. 2000;90:1555-1561)
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Although congenital rubella syndrome
was not recognized until the middle of the 20th
century,' rubella vaccination programs have
already ensured that it is an increasingly rare
disease in the industrialized world.? Elimination
goals have been set for Finland, the United
States, and the English-speaking Caribbean,
and rubella control in other regions of the
Americas is a foreseeable goal.*”’ The global
picture is very different—only 28% of the de-
veloping countries routinely vaccinate against
rubella.®

Mathematic modeling has yielded con-
genital rubella syndrome disease burden esti-
mates ranging from 110000 to 308 000 per
year.”'" These estimates do not include fetal
deaths, which may equal or exceed the esti-
mated congenital rubella syndrome births. Most
congenital rubella syndrome cases are thought
to occur in developing countries and are often
unrecognized and unrecorded.'"> Even in some
developed countries, it has been estimated that
only 20% of congenital rubella syndrome cases
are recorded appropriately.'?

Congenital rubella syndrome is a major
global cause of preventable hearing impair-
ment and blindness. In a school for the deaf'in
Madras, India, rubella was found to be the
largest preventable cause of deafness (29% of
374 children)." Although eye manifestations of
congenital rubella syndrome such as cataracts
are more readily detectable, community-based
data from developing countries are scarce.'> ®
A prospective hospital-based study from India
reported that 26% (25 of 95) of the infants with
cataracts had a positive result for salivary ru-
bella immunoglobulin M (IgM)."

There is increasing momentum to quan-
tify the global burden of disease due to rubella
and congenital rubella syndrome, partly as a
result of the opportunity to link rubella with
measles elimination campaigns for a relatively
small marginal cost. At present, 113 countries
have set measles elimination targets (B. Mel-
gaard, MD, written communication, Novem-

ber 1999). In the 30 years since rubella vaccine
was licensed, the World Health Organization
(WHO) Expanded Programme on Immuniza-
tion has not made a global recommendation re-
garding rubella vaccination.”*' Recent WHO
recommendations encourage all countries not
routinely immunizing against rubella to quan-
tify the burden of disease due to congenital
rubella syndrome and to consider universal
rubella vaccination in children and ensuring
immunity of women of childbearing age.”> **
Countries with greater than 80% measles im-
munization coverage among children are ad-
vised to consider setting a rubella elimination
goal at the same time as targeting measles
elimination.”

In 1996, WHO reported that 78 of 214
countries surveyed had a national rubella vac-

At the time of the study Joy E. Lawn was, and Ben-
jamin Baffoe-Bonnie is now, with the Department
of Child Health, School of Medical Sciences, Uni-
versity of Science and Technology, Kumasi, Ghana,
West Africa. Susan Reef is with Rubella/Mumps Ac-
tivity, Child Vaccine Preventable Diseases Branch,
Epidemiology and Surveillance Division, National
Immunization Program, Centers for Disease Control
and Prevention, Atlanta, Ga. Sidney Adadevoh is
with the Department of Obstetrics and Gynaecology,
School of Medical Sciences, University of Science
and Technology, Kumasi, Ghana, West Africa. E.
Owen Caul is with the Public Health Laboratory,
Kingsdown, Bristol, United Kingdom. George E.
Griffin is with the Division of Infectious Diseases,
St. George’s Hospital Medical School, London,
United Kingdom.

Requests for reprints should be sent to Joy E.
Lawn, B Med Sci, BM, BS, MRCP (Paeds), WHO
Collaborating Unit in Perinatal Care, Mail-Stop K22,
Division of Reproductive Health, NCCDPHP, Cen-
ters for Disease Control and Prevention, 4770 Bu-
ford Hwy, Chamblee, GA 30341 (e-mail: fzI8@cdc.
gov).

This article was accepted June 22, 2000.

Note. Ethical approval was granted by the
School of Medical Sciences Committee on Human
Research, Publications and Ethics of the University
of Science and Technology, Kumasi, Ghana (1996).

American Journal of Public Health 1555



cination program. Between 1996 and 1999, an-
other 27 countries added rubella to their sched-
ule, and the vaccine is available in the private
sector in some countries.” A strategy of ru-
bella immunization in childhood, but with low
coverage, may increase congenital rubella syn-
drome prevalence.”* > No countries in sub-
Saharan Africa include rubella in their national
immunization program,” and rubella serology,
which is essential for reliable rubella surveil-
lance, is unavailable in much of sub-Saharan
Aftica 12!

Data on congenital rubella syndrome in
Africa are very limited, and the few previous
reports refer to small numbers of clinically di-
agnosed cases.''? The largest reported con-
genital rubella syndrome case series from sub-
Saharan Africa was 18 cases following
simultaneous epidemics of rubella and measles
in Harare, Zimbabwe, after an influx of
refugees in the 1970s.** In Ghana, routine
screening of antenatal women for rubella im-
munity is not available, and neither rubella nor
congenital rubella syndrome is currently a no-
tifiable disease. As in the rest of sub-Saharan
Africa, Ghana does not include rubella immu-
nization in the national immunization program
even though measles immunization is routinely
administered to infants at 9 months of age.
Measles is a notifiable disease, and surveil-
lance has improved since the mid-1990s.

In 1996, several suspected cases of con-
genital rubella syndrome were identified at the
main teaching hospital in Kumasi, Ghana. In
this study, we report on the investigation of
identified cases and discuss the results of a
subsequent rubella antibody seroprevalence
survey. The objectives were to document local
congenital rubella syndrome cases and to pro-
vide information on rubella serosusceptibility
in order to model an estimate for congenital
rubella syndrome cases. In addition, we docu-
mented some of the challenges in establishing
congenital rubella syndrome surveillance.

Methods
Setting

Ghana lies in coastal West Africa and has
a population of approximately 18 million peo-
ple. Kumasi is the Ashanti regional capital, and
the 800-bed Komfo Anokye Teaching Hospi-
tal serves the city’s population of 1 million in-
habitants, along with a series of small govern-
ment and private health clinics.

Case Definitions
Cases were classified as clinically con-

firmed, laboratory confirmed, or probable, ac-
cording to the following case definitions™"*>":
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* Clinically confirmed congenital rubella
syndrome case: An infant with either 2 major
criteria (e.g., congenital cataracts, congenital
heart disease, auditory impairment) or 1 major
and 1 minor criterion (e.g., hepatomegaly, mi-
crocephaly, severe developmental delay, fail-
ure to thrive [weight for age below the third
centile], thrombocytopenia [<150% 10°/L]).

* Laboratory-confirmed congenital rubella
syndrome case: An infant with positive serol-
ogy for rubella IgM and signs consistent with
a diagnosis of congenital rubella syndrome.

* Probable congenital rubella syndrome
case: An infant with heart disease, suspected
hearing impairment, or at least 1 eye sign con-
sistent with a diagnosis of congenital rubella
syndrome (cataracts, microphthalmos, con-
genital glaucoma).

Identification and Investigation of Cases
of Congenital Rubella Syndrome

Congenital rubella syndrome case ascer-
tainment was both prospective and retrospec-
tive. Prospective surveillance was conducted
at Komfo Anokye Teaching Hospital between
March 1996 and June 1997. The principal in-
vestigator examined infants presenting with
signs suggestive of congenital rubella syn-
drome, particularly cardiac defects and
cataracts. If the infant fulfilled the probable or
clinically confirmed case definition, and the
mother gave consent, the mother—infant pair
was enrolled in the study.

A questionnaire covering the pregnancy
and birth history was completed for each
mother—infant pair. The mother’s age, parity,
and details of any illnesses during the preg-
nancy were recorded. The child’s birthdate,
birthweight, and presenting problems were doc-
umented. A full clinical examination was per-
formed on the infant. Chest radiographs, elec-
trocardiograms, and echocardiograms were
obtained for most of the infants. Otoacoustic
emission testing with the ILO88 equipment
(Otodynamics Ltd, Hatfield, United Kingdom)
was available during a limited period, and 2 in-
fants were examined with this equipment. No
form of auditory assessment was available for
the other case infants. Paired serum samples
were obtained from the infants and mothers
and were stored at —70°C for later serologic in-
vestigation. Follow-up was attempted for
prospectively identified infants.

Retrospective Medical and
Ophthalmologic Record Review

We conducted a retrospective survey of
medical records of hospital inpatients (1994—
1996) to identify infants fitting the case defi-
nitions. We also reviewed Ophthalmology De-
partment outpatient records to document new

cases of congenital cataract in infants (1993—
1997).

Rubella Serosurvey in Urban and Rural
Pregnant Women

A rubella seroprevalence survey was
conducted among urban and rural pregnant
women in the Ashanti Region. All women pre-
senting to the Antenatal Clinic at Komfo
Anokye Teaching Hospital on 7 consecutive
weekdays in May 1997 were invited to par-
ticipate. In addition, the pregnant women in
2 rural communities 30 km from Kumasi were
identified through district health personnel
and the local chief. For women who consented,
a questionnaire was completed covering sim-
ple sociodemographic characteristics, child-
hood residence and current residence, and ob-
stetric history. Urban residence was defined as
a settlement of more than 100000 people, a
town was defined as a population of 1000 to
100000, and rural residence was defined as a
settlement of fewer than 1000 people. Sera
from all participants were stored at —70°C for
rubella serology. All the data were collected
under anonymous identity codes and were un-
linked to the women’s names.

Rubella Serologic Testing

Samples were transported on dry ice from
Ghana to the United Kingdom. We used a com-
mercially available assay, CAPTIA Rubella M
(Microgen Bioproducts, Camberly, Surrey,
United Kingdom), to test sera obtained from in-
fants with suspected congenital rubella syndrome
and their mothers for rubella-specific [gM. A sec-
ond commercially available enzyme immunoas-
say, Bioelisa Rubella IgG (Biokit S.A., Barcelona,
Spain), was used to test infant and maternal sera
for rubella-specific immunoglobulin G (IgG).
For the rubella serosurvey among pregnant
women, the Bristol Public Health Laboratory
tested for rubella-specific IgG with single radial
hemolysis.*** For single radial hemolysis test
results of less than 15 TU/mL, the Rubalex latex
agglutination test (Abbott Laboratories, Maid-
enhead, United Kingdom) was used to retest.

Analysis

The data were entered and analyzed with
Epi Info V.6.1 (Centers for Disease Control and
Prevention, Atlanta, Ga). For the rubella sero-
survey, x” test or Fisher exact test was applied
as appropriate, and Mantel-Haenszel stratified
x” test was used if indicated.

Mathematic Modeling

We used a catalytic model, applying age-
specific seroprevalences from this survey, to
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TABLE 1—Results for 6 Infants With Prospectively Identified Congenital Rubella Syndrome: Kumasi, Ghana,
March 1996-June 1997
Age at Weight at Main Eyes Other Infant
Case Presentation, Presentation, Presenting (Bilateral Hearing Clinical Immunoglobulin
No. mo kg? Complaint Cataracts) Cardiac (OAE) Features? IgM® Outcome
1 5 4.25 Developmental  Yes PDA NA Hypotonic - Died at 12 months
delay of age of LRTI
and cardiac failure
2 5 4.2 Cough Yes PDA NA Hepatosplenomegaly, + Died at 8 months
microcephaly of age of LRTI
3 4 3.4 Cataracts Yes PS NA Microcephaly, Poor progress/
thrombocytopenia + no weight gain
4 6 4.6 Cataracts Yes VSD NA Thrombocytopenia + Seen twice; home
5 hours’ travel away
5 3 3.2 Cough Yes PS No Microcephaly + Poor progress/
response no weight gain
at 90 db
6 12 3.4 Failure to thrive  Yes PS No Microcephaly - Seen once; home
response 3 hours’ travel away
at 90 db
Note. LRTI=lower respiratory tract infection; NA =not available; OAE = otoacoustic emissions; PDA =patent ductus arteriosus; PS =pulmonary
stenosis; VSD =ventricular septal defect.
2All cases showed failure to thrive (under third centile for age) and developmental delay.
PAll mothers and infants were immunoglobulin G positive.

determine age-specific risks for rubella infec-
tion. These risks were then combined with
Ghana’s age-specific birthrates, the numbers
of women in each age band (Demographic and
Health Survey data), and gestation
stage—specific risks of congenital rubella syn-
drome given maternal infection® to estimate
the number of congenital rubella syndrome
cases expected annually.

Results

Identification of Congenital Rubella
Syndrome Cases

We identified 18 infants who fulfilled the
congenital rubella syndrome case definitions.
Prospective surveillance in the Department of
Child Health from March 1996 to June 1997
identified 6 cases of congenital rubella syn-
drome. Complete data and serologic results
were available for all 6 mother—infant pairs
(Table 1). A second group of 6 clinically con-
firmed cases was identified retrospectively
from inpatient hospital records; these patients
had all presented before March 1996 with con-
genital heart defects and cataracts. A third
group of 6 probable cases of congenital rubella
syndrome was identified through the outpa-
tient records of the Ophthalmology Depart-
ment, and all of these patients had bilateral
cataracts, but no other details were available
on coexisting abnormalities. The estimated
birth cohort for the Ashanti region as the de-
nominator and laboratory-confirmed cases and
clinically confirmed cases as the numerator
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(n=12) gave a ratio of 0.8 cases of congenital
rubella syndrome per 1000 live births per year.

Timing of Birth of the Infants With
Congenital Rubella Syndrome

All 18 patients were born between Octo-
ber 1995 and February 1996, and the mean age
at presentation was 5.8 months (95% confi-
dence interval [CI]=2.7, 8.9; range=2—12
months). These infants presented between De-
cember 1995 and September 1996, but no ad-
ditional congenital rubella syndrome cases
were identified during the final 9 months of
surveillance.

Results for the Prospectively Identified
Cases of Congenital Rubella Syndrome

The clinical details of the 6 prospectively
identified infants and their mothers are sum-
marized in Table 1. Two children presented
with cataracts (the mothers noticed white
pupils), 2 presented with cough, and the re-
maining 2 failed to thrive or suffered develop-
mental delay. Four of the 6 mothers recalled a
nonspecific febrile illness during the first
trimester, but only 1 mother had noticed a rash.
Two of the 4 mothers subjectively attributed
their symptoms to malaria. The mean weight of
these 6 children at presentation was 3.84 kg
(95% CI=3.38 kg, 4.30 kg), and all were
markedly below the third centile of weight for
age. All 6 infants had bilateral congenital
cataracts and congenital cardiac lesions. Echo-
cardiography confirmed pulmonary stenosis
in 3 of the infants and a patent ductus arterio-

sus in 2. A ventricular septal defect was clini-
cally suspected in the last patient, but a con-
firmatory echocardiogram was not obtained.
Although auditory defects were not apparent to
the parents, otoacoustic emissions testing of
2 infants indicated profound sensorineural hear-
ing loss with no response at 90 dB (Table 1).
During follow-up, 2 infants died, 2 infants at-
tended the hospital only once or twice, and the
remaining 2 infants made poor clinical progress
with no weight gain and were subsequently lost
to follow-up.

Sera from 4 infants tested positive for [gM
rubella antibody. The 2 infants whose sera
tested negative for rubella IgM antibody were
aged 5 and 12 months. Sera from all 6 moth-
ers tested positive for rubella IgG antibody,
and serum from 1 mother tested positive for
rubella IgM antibody 4 months postpartum.

Results for the Retrospectively Identified
Cases of Congenital Rubella Syndrome

The 6 patients identified through medical
inpatient records all had bilateral cataracts, con-
genital heart disease, and failure to thrive with
several other minor criteria. None had rubella
serology performed, but none had features sug-
gestive of a specific genetic syndrome. An-
other 6 cases were identified through ophthal-
mologic outpatient note records, but because
only ophthalmologic findings were recorded,
these infants were classified as “probable con-
genital rubella syndrome cases.” The number
of infants with bilateral congenital cataracts
seen by the ophthalmologists in 1996 was more
than 4-fold higher than the rate for other years
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Note. This figure depicts the annual number of infants presenting to the hospital with bilateral cataracts who were identified through
the ophthalmologic records and by prospective surveillance or retrospective case note search during this study.
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FIGURE 1—Number of new cases of bilateral congenital cataracts in infants: Komfo Anokye Teaching Hospital, Kumasi,

and 9 times higher if all the cases of cataracts
detected by the study were included (Figure 1).

Rubella Serosurvey of Pregnant Women
in Ashanti Region

Of the 405 pregnant women who partic-
ipated in the rubella antibody serosurvey, 305
attended the Komfo Anokye Teaching Hospi-
tal Antenatal Clinic (urban group), and 100
lived in 2 rural communities 30 km from Ku-
masi. The mean age of all the women was
28.2 years (95% CI=27.67, 28.76; range=
13—44 years). There were 117 (28.9%) prim-
igravida, and mean parity was 1.93 (95% CI=
1.74, 2.12; range=1-9). Most (309, 76.3%)
were of Akan ethnicity (southern Ghanaian
tribes), and most of the others were from the
tribes of northern Ghana. The women pre-
dominantly worked as independent traders or
farmers (354, 87.4%). A minority (116,
28.6%) had secondary school education or
higher.

The overall seroprevalence of rubella IgG
antibody was 92.6% (n=375). On the initial
single radial hemolysis test, 51 tested negative
or “borderline” for rubella IgG antibody, and
these were retested with the Rubalex test, which
found that 21 were rubella IgG antibody pos-
itive. The variation of rubella serostatus with as-
sorted sociodemographic characteristics is
shown in Table 2. Rubella immunity was sig-
nificantly associated with increasing maternal
age (x*=5.04, P=.000) and with non-Akan,
or northern, ethnicity (x*=5.04, P=.024). Cur-
rent place of residence was not statistically as-
sociated with rubella immunity.
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TABLE 2—Rubella Status of 405 Pregnant Women by Various
Sociodemographic Characteristics: Ashanti Region, Ghana, 1997
Rubella Immunoglobulin G
Immunity

Maternal Characteristic No. Immune (% Immunity by Class) OR (95% ClI) P

Maternal age, y
13-20 29 (82.9) e .000*
21-34 299 (92.6)
35-44 45 (97.8)

Parity
Primiparous 108 (92.3) 1.04% (0.63, 6.03) NS
Multiparous (>1) 266 (92.7)

Tribe
Non-Akan (northern) 82 (87.2) 2.37 (1.25,5.11)  .024*
Akan 291 (94.2)

Occupation
Professional 46 (90.1) 1.43 (0.39, 2.30) NS
Nonprofessional 328 (92.9)

Education
Secondary or more 107 (92.2) 0.94 (0.39, 2.30) NS
Middle school or less 267 (92.7)

Childhood residence
Rural/town 173 (90.6) 1.74 (0.81, 3.82) NS
Urban 198 (94.4)

Current residence
Rural/town 124 (91.9) 1.17 (0.50, 2.70) NS
Urban 250 (92.9)

Note. OR=o0dds ratio; Cl=confidence interval; NS = not significant.

#Adjusted for maternal age.

*Significant at oe.=0.05.

Discussion

The 18 patients with confirmed or prob-
able congenital rubella syndrome were all born
within a 5-month period from October 1995
to February 1996, suggesting the occurrence

of an otherwise undocumented rubella epi-
demic in early 1995, coincident with a docu-
mented measles epidemic. Our conservatively
estimated rate of 0.8 congenital rubella syn-
drome cases per 1000 live births compares well
with rates in other reported rubella outbreaks
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ranging from 0.6 to 2.2 per 1000 live
births.'*>>° However, the true congenital ru-
bella syndrome rate may have been consider-
ably higher because our hospital-based case
ascertainment had limited sensitivity.

The rubella immunity rate of 92.6% that
we subsequently documented is higher than
previously reported from Kumasi and may re-
flect immunity acquired by women who were
infected during the outbreak.” We are unaware
of any recorded rubella cases during the large
measles epidemic, when approximately 30000
clinical cases of measles were recorded. The
measles epidemic peaked in April 1995, with
10000 cases reported in 1 month, coinciding
exactly with our predicted timing of the rubella
outbreak. Concurrence of measles and rubella
epidemics has previously been reported.*
Rash—fever surveillance conducted as part of
measles control programs has found that a high
proportion of clinically suspected measles cases
are rubella IgM positive.*" ™

Congenital rubella syndrome has not pre-
viously been reported from West Africa, al-
though 2 reports from Nigeria found that 9 of
41 infants with patent ductus arteriosus™ and 67
of 267 deaf children® had additional clinical
features suggestive of congenital rubella syn-
drome. Several rubella serosurveys have been
conducted in West Africa,**? including 1 study
from Ghana.*’ These 9 studies reported rubella
serosusceptibility rates between 10% and 32%
for women of reproductive age. Immunity was
closely correlated with age, implying rubella
endemicity, but the proportion of susceptible
women was very similar to that in the prevac-
cine era in industrialized countries, allowing
opportunity for periodic rubella epidemics and
suggesting that congenital rubella syndrome is
likely to be occurring but is unreported.**

Our study highlights some of the chal-
lenges in instituting congenital rubella syn-
drome surveillance in this region. We sus-
pect that the identified cases of congenital
rubella syndrome represent the proverbial
“tip of the iceberg” of a much larger group of
children with congenital rubella syndrome,
resulting from a significant rubella epidemic.
Two of the prospectively identified congen-
ital rubella syndrome patients lived more than
3 hours’ journey from Kumasi, implying a
wide area of infection. Other patients who
presented to institutions may have remained
undiagnosed or unreported, possibly related
to low awareness of congenital rubella syn-
drome. Two of the cases identified at Komfo
Anokye Teaching Hospital were initially di-
agnosed as lower respiratory tract infection.
Six cases of bilateral cataracts seen in the
ophthalmology clinic were not seen or as-
sessed by professionals in other clinical spe-
cialties, and coexisting defects may not have
been detected.
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Our hospital-based surveillance probably
missed both patients with milder congenital
rubella syndrome and patients with severe con-
genital rubella syndrome who were dying in
the community. All of the infants in our study
had cataracts, and most had cardiac defects, so
our hospital-based surveillance did not iden-
tify milder cases. Hospital user fees were in-
creased significantly in the early 1990s in
Ghana, which may have affected access to the
hospital. The Ashantis hold a naming and “out-
dooring” ceremony for babies on the 40th day
of life, and many traditions regarding seclu-
sion of the mother and baby militate against
seeking medical help, especially for a baby
with obvious defects. About half of the births
in Ghana are without a trained attendant, and
most of the estimated perinatal deaths of 90
per 1000 total births occur unregistered at
home™ (also Lawn J.E. and McCarthy B.J.,
unpublished data, January 1999). Congenital
rubella syndrome mortality occurs from the
early fetal period to mid-childhood and hence
is more difficult to identify in verbal autopsies
than a more time-specific cause such as neona-
tal tetanus.”

Laboratory confirmation of congenital
rubella syndrome is complicated in settings
where clinical presentation occurs late, often
beyond the age when rubella IgM confirmation
is reliable. The 2 IgM-negative infants were
older (aged 5 and 12 months); the age-specific
probabilities of positive IgM are 60% and 40%,
respectively.”! Because both infants had at least
2 major and 2 minor criteria for a clinical di-
agnosis of congenital rubella syndrome, and
both mothers were IgG positive, it is highly
probable that the correct diagnosis was con-
genital rubella syndrome. Newer laboratory
techniques overcome this diagnostic difficulty
for surveillance but may not be feasible in low-
resource settings.>"**

The estimated prevalence of congenital
rubella syndrome can be modeled from age-
specific rates of rubella susceptibility. The ru-
bella seroprevalence documented in this study
gives an estimate of more than 3000 Ghanaian
women infected while pregnant and almost 700
children born with congenital rubella syndrome
in 1 year in Ghana, even given the high levels
of immunity that we documented.

Rubella Serosurvey

The seroprevalence of rubella IgG in this
serosurvey of 405 pregnant mothers was
92.6%, which may reflect postepidemic im-
munity. As expected, rubella immune status
was significantly associated with increasing
age. Women from the non-Akan tribes of
northern Ghana may be less likely to be im-
mune because of lower population density in
the northern region. The overall rubella im-

munity rate of 92.6% found in this study is
similar to the 90% level found in urban girls in
Harare before the 1977 to 1978 epidemics,*
and investigators postulated that the rural pop-
ulation had higher levels of susceptibility to
rubella infection. We were unable to document
statistically significant differences between
current urban and rural residence, possibly be-
cause of the extent of the recent epidemic.

Our response rates for participation by
the pregnant women were very high, with only
9 (2.22%) women refusing in the teaching
hospital antenatal clinic and none refusing in
the rural villages. Because fewer than 60% of
pregnant women in Ghana attended antenatal
clinics, these women were self-selected and
likely to be of higher socioeconomic status
and education than the general population of
pregnant women. The unexpectedly small
number of rubella nonimmune women re-
duced the power of the study to document sig-
nificant differences associated with rubella
status.

Policy Implications

In developing countries, many conditions
with significant disease burdens compete for
limited public health attention and funding. The
burden of disease due to congenital rubella syn-
drome is largely unknown, but in settings where
rubella is endemic, the disability burden from
blindness, deafness, mental retardation, and
cardiac defects is likely to be high. Because the
burden of chronic disability due to congenital
rubella syndrome is high, the use of disability-
adjusted life-years to determine health priori-
ties increases the importance of rubella.® Such
disability incurs high treatment costs, and cost—
benefit studies have shown considerable ben-
efit from rubella vaccination in both developed
and developing countries.” More information
about the burden of congenital rubella syn-
drome is needed to make evidence-based de-
cisions on the option of rubella vaccination, es-
pecially if this intervention may result in a
relatively small marginal cost added to a
measles elimination campaign.

The WHO congenital rubella syndrome
and rubella surveillance guidelines recommend
starting with case-based congenital rubella syn-
drome surveillance.?' Any country consider-
ing incorporating rubella vaccination into its
immunization program must not only collect
baseline data but also have ongoing identifi-
cation of congenital rubella syndrome cases to
monitor the effect of vaccination. To improve
congenital rubella syndrome case ascertain-
ment, a first step would be to make congenital
rubella syndrome and rubella notifiable dis-
eases. Coordination with the measles campaign
would increase the effectiveness and efficiency
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of surveillance. The sensitivity of hospital-
based congenital rubella syndrome case recog-
nition could be increased by greater awareness
of congenital rubella syndrome among health
care professionals, better communication be-
tween medical disciplines, and increased avail-
ability of laboratory screening and audiologic
investigations.

An increase in the number of infants with
congenital cataract could serve as a warning sig-
nal to institute increased surveillance for con-
genital rubella syndrome cases. Those with hear-
ing impairment alone are unlikely to be detected
until much later, because there are no local fa-
cilities for testing hearing in children younger
than 5 years. This study showed the utility of
otoacoustic emissions testing in a developing
country setting. Although this method has not
been widely used in developing countries,
largely because of the expense, it is highly ef-
fective for early detection of deafness, including
that caused by congenital rubella syndrome.”**

Because most of Ghana’s fetal and infant
deaths occur at home, a true picture of the con-
genital rubella syndrome disease burden would
necessitate community-based surveillance in
carefully selected representative areas. A less
expensive alternative may be sentinel serologic
surveillance and modeling to estimate con-
genital rubella syndrome incidence,'” and sali-
vary rubella IgM may be more acceptable than
serology for field studies.” Improved data from
hospital or community surveillance or from
modeling will be of use to policymakers only
if a systematic collection of information oc-
curs at local and central levels, allowing for
dissemination and response. The opportunity to
reduce or even eradicate rubella by linking it to
measles control and elimination campaigns for
a relatively small marginal cost will be lost if
congenital rubella remains unseen, unheard,
and unrecorded.

Contributors

J.E. Lawn designed the study, examined the patients,
collected the specimens, entered and analyzed the data,
and wrote the paper. S. Reef contributed to interpreta-
tion of the data and significant revisions of the paper.
B. Baffoe-Bonnie and S. Adadevoh were instrumental
in planning the data collection and commented on the
paper. E.O. Caul coordinated the laboratory analysis
for the serosurvey samples. G.E. Griffin contributed
to the planning of the study, provided logistical support
throughout, and contributed to the writing of the paper.

Acknowledgments

Funding for the data and sample collection was pro-
vided by Tropical Health and Education Trust, Lon-
don, United Kingdom. Funding for the serologic analy-
sis was provided by Wellcome Trust via St. George’s
Infectious Diseases Unit, London, United Kingdom.

We would like to thank the many doctors, nurses,
and especially the mothers who made this study pos-

1560 American Journal of Public Health

sible. We are particularly grateful to Dr Mercy Essel
Ehun of the Ghana Immunization Programme and to
Dr Amofah, Regional Director of Health Services,
Ashanti Region, Ghana. Dr Theresa Rettig performed
the echocardiography, and the St. George’s Kumasi
Collaborative Tropical Research Unit team carried out
the otoacoustic emission testing, for which we are
grateful. We also would like to thank John Glasser and
Mary McCauley, both of the National Immunization
Program at the Centers for Disease Control and Pre-
vention, for assistance with the modeling and for in-
sightful editorial input, respectively. Finally, we ex-
press gratitude to Professor Stanley Foster at the
Rollins School of Public Health, Atlanta, Ga, for re-
viewing the paper.

This article is dedicated to the late Dr Jim Booth,
virologist at St. George’s Hospital Medical School.

References

1. Gregg NM. Congenital cataract following Ger-
man measles in the mother. Trans Ophthalmol
Soc Aust. 1941;3:35-46.

2. Banatavala JE. Rubella—could do better. Lancet.
1998;351:849-850.

3. Cochi SL, Edmonds LE, Dyer K, et al. Congen-
ital rubella syndrome in the USA, 1970-1985:
on the verge of elimination. Am J Epidemiol.
1989;129:349-361.

4. Reef'S, Cordero J, Plotkin S, et al. Preparing for
rubella syndrome elimination: summary of the
Workshop on CRS Elimination in the US. Clin
Infect Dis. In press.

5. Irons B. Rubella eradication: the countdown be-
gins. West Indian Med J. 1998;47:75-76.

6. Pan American Health Organization. Caribbean
community establishes rubella elimination goal.
EPI Newsletter. 1998;10:5.

7. Plotkin SA, Katz M, Cordero JF. The eradication
of rubella. JAMA. 1999;281:561-562.

8. Robertson SE, Cutts FT, Samuel R, Diaz-Ortega
J-L. Control of rubella and congenital rubella
syndrome (CRS) in developing countries, part 2:
vaccination against rubella. Bull World Health
Organ. 1997;75:69-80.

9. Salisbury DM, Savinykh AI. Rubella and con-
genital rubella syndrome in developing countries.
1991. Geneva, Switzerland: World Health Orga-
nization; 1991. Document EPI/GAG/91/WP.15.

10. Cutts F, Vynnycky E. Modeling the incidence of
congenital rubella syndrome in developing coun-
tries. Int J Epidemiol. 1999;28:1176—1184.

11. Cutts FT, Robertson SE, Diaz-Ortega J-L, Samuel
R. Control of rubella and congenital rubella syn-
drome (CRS) in developing countries, part 1: bur-
den of disease from CRS. Bull World Health
Organ. 1997;75:55-68.

12. Assaad F, Ljungars-Esteves K. Rubella—world
impact. Rev Infect Dis. 1985;7:S29-S36.

13. Orenstein WA, Preblud SR, Bart KJ, Hinman AR.
Methods of assessing the impact of congenital
rubella infection. Rev Infect Dis. 1985;7:
S22-S28.

14. Gray RF. Causes of deafness in schools for the
deaf in Madras. Int J Pediatr Otorhinolaryngol.
1989;18:97-106.

15. Foster A. Childhood blindness. Eye. 1998;2:
S27-S36.

16. Foster A, Gilbert C, Rahi J. Epidemiology of cat-
aract in childhood: a global perspective (review).

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

J Cataract Refract Surg. 1997;23(suppl 1):
601-604.

. Waddell KM. Childhood blindness and low vi-

sion in Uganda. Eye. 1998;12(pt 2):184-192.

. Rahi JS, Sripathi S, Gilbert CE, Foster A. The

importance of prenatal factors in childhood blind-
ness in India. Dev Med Child Neurol. 1997;39:
449-455.

Eckstein MB, Brown DW, Foster A, Richards AF,
Gilbert CE, Vijayalakshmi P. Congenital rubella
in south India: diagnosis using saliva from in-
fants with cataract. BMJ. 1996;312:161.

Best JM. Rubella vaccines: past, present and fu-
ture. Epidemiol Infect. 1991;107:17-30.

Cutts FT, Best J, Siqueira M, Engstrom K,
Robertson SE. Guidelines for surveillance of con-
genital rubella syndrome (CRS) and rubella.
Geneva, Switzerland: World Health Organiza-
tion; May 1999. Field Test Version WHO/V&B/
99.22.

WHO recommendations. Report of a Meeting on
Preventing CRS: Immunization Strategies, Sur-
veillance Needs. Geneva, 12—14 January, 2000.
Geneva, Switzerland: World Health Organiza-
tion; 2000:2—-3. WHO/V&B/00.10. Available at:
http://www.who.int/vaccines-documents/
docspdf00/www508.pdf.

Anderson RM. The concept of herd immunity
and the design of community-based immuniza-
tion programs. Vaccine. 1992;10:928-935.
Anderson RM, May RM. Vaccination against ru-
bella and measles; quantitative investigation of
different policies. J Hyg. 1983;90:259-325.
Robertson S. Background document: data on ru-
bella vaccination schedules. Report of a Meeting
on Preventing CRS: Immunization Strategies,
Surveillance Needs. Geneva, 12—14 January,
2000. Geneva, Switzerland: World Health Orga-
nization; 2000:65-77. WHO/V&B/00.10. Avail-
able at: http://www.who.int/vaccines-documents/
docspdf00/www508.pdf.

Gunasekera DP, Gunasekera PC. Rubella immu-
nization—Ilearning from developed countries.
Lancet. 1996;347:1694-1695.

Bakasun V, Suzanic-Karnincic J. A rubella out-
break in the region of Rijeka, Croatia. Int J Epi-
demiol. 1995;24:453-456.

Panagiotopulos T, Antoniadou I, Valassi-Adam
E. Increase in congenital rubella occurrence after
immunization in Greece: retrospective survey
and systematic review. BMJ. 1999;319:
1462-1467.

Sachdeva R. Congenital rubella syndrome at
Mombasa. East Afr Med J. 1973;50:146-152.
Axton JHM, Nathoo KJ, Mbengeranwa OL. Si-
multaneous rubella and measles epidemics in an
African community. Cent Afi J Med. 1979;25:
242-245.

Rubella prevention: recommendations of the Im-
munization Practices Advisory Committee
(ACIP). MMWR Morb Mortal Wkly Rep. 1990;
39(RR-15):1-18.

Cradock-Watson JE. Laboratory diagnosis of ru-
bella: past, present and future. Epidemiol Infect.
1991;107:1-15.

Morgan-Capner P, Pullen HJ, Pattison JR, Bid-
well DE, Bartlett A, Voller A. A comparison of
three tests for rubella antibody screening. J Clin
Pathol. 1979;32:542-545.

Miller E, Cradock-Watson JE, Pollock TM. Con-
sequences of confirmed maternal rubella at suc-

October 2000, Vol. 90, No. 10



35.

36.

37.

38.

39.

40.

41.

42.

cessive stages of pregnancy. Lancet. 1982;
2(8302):781-784.

WHO EPI: Rubella outbreak in Oman. Wkly Epi-
demiol Rec. 1994;69:333-340.

Zulaika A, Hull B, Lewis M. Neonatal manifes-
tation of CRS following an outbreak in Trinidad.
J Trop Pediatr. 1986;32:79-82.

Fogel A, Barnea BS, Aboudy Y, Mendelson E.
Serological studies in 11,460 pregnant women
during the 1972 rubella epidemic in Israel. Am J
Epidemiol. 1976;103:51-59.

Brand N, Legum S, Saunders J, Fogel A. Con-
genital rubella in Israel following the 1978-79
rubella epidemic. Isr J Med Sci. 1983;19:
925-928.

Owens CS, Espino RT. Rubella in Panama: still
a problem. Pediatr Infect Dis J. 1989;8:110-115.
Addy PAK, Agbemadzor F. Rubella in Ghana:
seroepidemiological studies of healthy urban fe-
male Ghanaians. Ghana Med J. 1976:168-172.

Olive JM. Preventing CRS. Report of a Meeting
on Preventing CRS: Immunization Strategies,
Surveillance Needs. Geneva, 12—14 January
2000. Geneva, Switzerland: World Health Orga-
nization; 2000:5-9. WHO/V&B/00.10. Available
at:  http://www.who.int/vaccines-documents/
docspdf00/www508.pdf.

Castillo Solorzano C. New horizons: control of
rubella and prevention of CRS at PAHO/AMRO.
Report of a Meeting on Preventing CRS: Immu-
nization Strategies, Surveillance Needs. Geneva,
12—14 January 2000. Geneva, Switzerland: World
Health Organization; 2000:15-16. WHO/V&B/

October 2000, Vol. 90, No. 10

43.

44,

45.

46.

47.

48.

49.

50.

51

00.10. Available at: http://www.who.int/vaccines-
documents/docspdf00/wwwS508.pdf.

Santos JI. Control and elimination initiatives of
rubella and CRS in Mexico. Report of a Meet-
ing on Preventing CRS: Immunization Strategies,
Surveillance Needs. 12—14 January, 2000.
Geneva, Switzerland: World Health Organiza-
tion; 2000:19-20. WHO/V&B/00.10. Available
at: http://www.who.int/vaccines-documents/
docspdf00/www508.pdf.

Antia AU. Congenital heart disease in Nigeria:
clinical and necroscopy study of 260 cases. Arch
Dis Child. 1974;49:36-39.

Obiako MN. Profound childhood deafness in
Nigeria: a three year survey. Ear Hear. 1987;8:
74-717.

Gomwalk NE, Ahmad AA. Prevalence of rubella
antibodies on the African continent. Rev Infect
Dis. 1989;11:116-121.

WHO WER 1985. Seroepidemiology of rubella.
Wkly Epidemiol Rec. 1976;51:394-396.
Odelola HA, Fabiyi A, Familusi JB. Distribution
of rubella antibodies in Nigeria. Tians R Soc Trop
Med Hyg. 1977;71:425-426.

Rodier MH, Berthonneau J, Bourgoin A, et al.
Seroprevalence of toxoplasma, malaria, rubella,
CMYV, HIV and treponemal infections among
pregnant women in Cotonou, Republic of Benin.
Acta Trop. 1995;59:271-277.

Gomwalk NE, Ezeronye OU. Seroepidemiology
of rubella in Imo state of Nigeria. Trans R Soc
Trop Med Hyg. 1985;79:179-180.

Clarke M, Schild GC, Boustred IA, et al. Epi-

52.

53.

54.

55.

56.

57.

58.

59.

demiological studies of rubella in a tropical Af-
rican community. Bull World Health Organ. 1980;
58:931-935.

Mingle JAA. Frequency of rubella antibodies in
the population of some tropical African coun-
tries. Rev Infect Dis. 1985;7:S68-S71.
Peckham C. Congenital rubella in UK before
1970: the pre-vaccine era. Rev Infect Dis. 1985;
7:S11-S16.

World Health Organization. Perinatal mortality—
a listing of available information. Geneva,
Switzerland: World Health Organization; 1996.
WHO/FRH/MSM/96.7

Boerma JT, Stoh G. Using survey data to assess
neonatal tetanus mortality levels and trends in
developing countries. Demography. 1993;30:
459-475.

World Bank. Investing in Health: World Devel-
opment Report 1993. New York, NY: Oxford Uni-
versity Press; 1993.

AAP Task Force on Newborn and Infant Hear-
ing. Newborn and infant hearing loss: detec-
tion and intervention. Pediatrics. 1999;103:
527-530.

Richardson M, Williamson TJ, Lenton SW, Tar-
low MJ, Rudd PT. Otoacoustic emissions as a
screening test for hearing impairment in children.
Arch Dis Child. 1995;72:294-297.

Ramsay ME, Brugha R, Brown DWG, Cohen BJ,
Miller E. Salivary diagnosis of rubella: a study
of notified cases in the United Kingdom, 1991-4.
Epidemiol Infect. 1998;120:315-319.

American Journal of Public Health 1561



